A possible relationship between the ability of Aspergillus furnigatus strains to invade tissues and genetic polymorphism was studied by random amplified polymorphic DNA (RAPD) analysis. One hundred randomly designed oligonucleotide decamers were examined with DNA of three reference strains, eight environmental isolates and 21 isolates from two distinct clinical situations : non-invasive aspergillosis (predominantly aspergilloma) and invasive aspergillosis. One primer (OPQ 6) was found to generate a reproducible amplification product that enabled distinction between the two groups according to the presence or absence of a 0.95-kb fragment that correlated with the nature of the infection (non-invasive or invasive) and immune status of the patient. The results indicated that the pathogenicity of A . fumigatus was related not only to the host's immune status but also to the virulence of the strain of A. fumigatus.
Introduction
The genus Aspergillus is one of the most ubiquitous micro-organisms worldwide. Of particular importance in medicine is A. furnigatus, an opportunist pathogen responsible for several types of respiratory diseases. The extent of disease depends on the host's immune defences ; in immunocompromised hosts, it may cause fatal invasive aspergillosis. However, immunosuppression cannot explain all the pathological features of aspergillosis. Several products of A. furnigatus (proteases, catalase, cytotoxin) have been suggested as determinants of pathogenicity, although their role is still unclear. lp4 Epidemiological investigation and control of these mycoses require reproducible methods to distinguish strains and establish whether some strains are particularly associated with the various clinical types of aspergillosis. The conventional typing methods (morphotyping, serotyping) use phenotypic characteristics that depend on environmental factors and are considered to be too variable to be conclusive. Such problems may be resolved by employing DNA-based techniques of molecular biology.
In recent years, molecular typing methods have been employed for restriction endonuclease analysis of genomic DNA (e.g., RFLP).5-6 Data from these methods suggest a genomic polymorphism between A . fumigatus strains. However, such methods are both time-consuming and labour-intensive, and require preliminary in-vitro multiplication that can modify the patterns of the strain. To avoid these problems, the random amplified polymorphic DNA (RAPD) technique' has been developed. This technique employs single short primers (decamers) with arbitrary nucleotide sequences in a polymerase chain reaction (PCR) to amplify genomic DNA randomly. The system has already generated banding patterns that correlate with the pathogenicity of two fungal plant pathogens, Leptosphaeria rnaculans' and Fusariurn solani. ' The purpose of this study was to investigate the DNA of three reference strains, eight environmental isolates and 21 isolates of A. furnigatus from two distinct clinical situations-chronic aspergillosis without tissue invasion (12 cases) and invasive aspergillosis (nine cases)-to identify a relationship between the genetic polymorphism of these isolates and their ability to invade tissues.
Materials and methods

Organisms
A. furnigatus isolates were divided into three groups (tables I and 11) by accepted criteria of aspergillosis classification." Group 1 consisted of one reference strain (Longbottom) and 12 A . fumigatus isolates from non-invasive (and non-allergic) aspergillosis isolated from immunologically normal hosts or patients with only modest impairment of defence mechanisms. Six isolates were from patients with pulmonary aspergilloma (nos. 2, 3, 5, 8, 10 and ll), one from pleural aspergilloma (no. 6), three from fungus balls of the maxillary sinus (nos. 1, 7 and 12) and two from bronchial colonisation following corticosteroid therapy but without invasion (nos. 4 and 9). Group 2 comprised two reference strains (CBS 144-89 and its A18 mutant) and nine isolates from proven or highly probable invasive aspergillosis in patients with acute leukaemia, malignant lymphoma or following organ transplantation ; three were from invasive pulmonary aspergillosis (nos. 13 
Preparation of DNA
DNA was extracted by a rapid small-scale method adapted from that of Cenis.ll Briefly, each isolate was subcultured overnight on Sabouraud's dextrose agar at 37°C. One colony was inoculated into a 1.5-ml Eppendorf tube in liquid Sabouraud medium (500 pl) and incubated for 72 h at 25°C. The mycelium was pelleted by centrifugation at 13000 g for 5 min and washed with 500 pl of TE buffer (200 mM Tris-HC1, pH 8.5, 1 MM EDTA). The TE was decanted and 300 p1 of extraction buffer (200 m~ Tris-HC1, pH 8.5, 500 mM NaCl, 25 m~ EDTA, SDS 1 YO) was added.
The mycelium was crushed with a close fitting conidial grinder (Kontes, NJ, USA) at 200 rpm. Sodium acetate (1 50 pl ; 3 M, pH 5.2) was added and tubes were placed at -2OOC for 10 rnin. Extracts were centrifuged and the supernates were coilected. An equal volume of isopropanoi was added and extracts were incubated for 5 rnin at room temperature, then centrifuged at 13000 g for 20 min. The pellet was washed with ethanol 70%, vacuum dried for 5 min and resuspended in TE (50~1) containing RNAase A (Boehringer) 3 pglml.
Amplijication conditions
The reaction mixtures (30 p1) contained 20 mM TrisHCl (pH 8.3), 200 mM KC1, 1.5 mM MgCl,, Tween 20 0.1 %, NP-40 0.1 %, 75 ,UM each dNTP (Boehringer), 0 5 U of ReplithermB DNA polymerase (Epicentre), and 0.2 p~ of arbitrary primer or 0.1 ,UM of each specifically designed primer. The DNA template used contained 50 ng and 10 ng for arbitrary or specific primers, respectively. Each reaction mixture was overlaid with mineral oil (30p1) to prevent evaporation. Amplifications were performed after initial heat denaturation (94°C for 6 min). For arbitrary short primers, 40 cycles of 5 s at 94"C, 30 s at 37°C and 60 s at 63°C were used; for specific long primers, 30 cycles of 20 s at 94"C, 30s at 55°C and 60s at 72°C were used. Amplification products were resolved by electrophoresis on agarose 1.5% gels and stained with ethidium bromide 0-5 pg/ml.
RA PD primers
One hundred RAPD primers designed according to the following theoretical parameters-G-C content > 6O%, no dryad symmetry and non-self complementary-were purchased from Operon Technologies Inc., Alameda, CA, USA.
DNA cloning and sequencing
The DNA template was amplified with a short primer and 2 pCi [a35S] dATP (Amersham). Ten pl of each reaction mixture were separated by electrophoresis on an acrylamide 6 YO, urea 50 % sequencing gel and subjected to autoradiography. Bands of interest were cdlected, the gel was homogenised with a 
Results
Reproducible amplifications were obtained with 40% of the primers. The number of bands varied between five and 10 with size range of 0.3-2.5 kb. The patterns obtained with the majority of primers showed no difference between A . fumigatus strains, although they allowed the differentiation of A . fumigatus from other Aspergillus spp. (data not shown). However, the OPQ 6 primer (GAGCGCCTTG) generated RAPD products that enabled differentiation among the A . fumigatus groups.
The 24 clinical isolates (reference strains included) of A . fumigatus amplified with OPQ 6 primer revealed four types of profiles ( fig. 1) . The banding pattern showed seven major bands, five of which were conserved (1-4, 1-0,0.8,0-7 and 0.65 kb), and two of which were variably present (1.2 and 0.95 kb) . Together, these last two allowed the discrimination of different profiles but did not distinguish between invasive and non-invasive groups. However, when only the 0.95-kb fragment was considered, there was some correlation between profile types and clinical types of aspergillosis (table I) . The presence or absence of this fragment allowed the separation of strains into two distinct groups. Group 1 ( fig. 1A) comprised isolates from non-invasive infections that provided profile patterns without this fragment, with the exception of isolate no. 7 (a strain isolated from a maxillary sinus aspergilloma). Group 2 ( fig. 1B) comprised isolates from invasive infections that showed profiles with a band at 0.95 kb in five of nine isolates and in the reference strains CBS 144-89 and A18. The band was absent from the invasive strains 15, 16, 17 and 2 1. The RAPD pattern was stable within a single strain over many generations and between different colonies originating from a single isolate (data not shown). The cloning and sequencing of the 0.95-kb fragment (EMBL/GenBank data base accession number: L35210) has allowed the design of more specific primers, Afpl (TTGGGGA-GATTACCGAACTGG) and Afp2 (CCTTGACAA-CCGTCCCATTTC). These primers confirmed the presence or absence of this band ( fig. 1 ) with greater sensitivity (quantity of DNA used in PCR was 10-fold less). Primers Afc 1 (GAGCGCCTTGTATACTAA-ACCG) and Afc2 (GAGCGCCTTGGATATGGA-TTAC) were deduced from the sequencing of a conserved fragment (1.4 kb) from the RAPD pattern. These primers were used in the same reaction with Afpl and Afp2 as positive controls. This system was (lanes 1,3,5,7,9, 1 1, 1 3, 1 5) and primers Afp 1, Afp2, Afc 1 and Afc2 (lanes 2,4,6,8, 10, 12, 14, 16 ). Lane M: 1-kb DNA ladder marker (Gibco-BRL).
used to amplify the DNA of eight environmental strains (table 11) and the 0-95-kb fragment was present in three of eight isolates (El, E2, E5) ( fig. 2) .
Discussion
Molecular studies with fingerprinting techniques have been used to type A . fumigatus isolates for epidemiological studies of nosocomial asperg i l l o~i s . l~-~~ The aim of this study was not to distinguish isolates but to identify a RAPD marker that correlated with the capacity to cause disease. The role of virulence factors in invasive aspergillosis has been studied." Although these virulence determinants are not fully understood, the results suggest their importance in path~genicity.l-~ The RAPD technique was chosen because it enabled the study of the genome of A . fumigatus in the absence of sequence information.
The results showed that the presence of the 0.95-kb fragment correlated with invasive disease in 19 (80 YO) of 24 patient isolates. However, A . fumigatus is an opportunist pathogen and the disease evolution depends on two factors-host and fungus. The relationships between a probable pathogenic marker and the potential virulence of strains has to be correlated with two parameters, the immunological status of the host and the severity of infection. Both the reference CBS 144-89 strain and its mutant A18 contained the 0-95-kb band. The A18 mutant was constructed by disruption of the gene encoding the alkaline protease, a highly probably virulence factor, but no significant differences in mortality were reported when these strains were compared in murine models of invasive pulmonary aspergillosis.' It is likely that virulence factors act in combination and, when considered singly, alkaline protease has only a minor effect in virulence. There was no homology when the 0-95-kb fragment was compared with the sequence of established virulence factors, in particular the alkaline proteases.
The isolates nos. 13, 14, 18, 19 and 20 from invasive infections (table I) provided profile patterns containing the 0.95-kb band. Four of five patients failed to respond to early and aggressive antifungal therapy. Thus, outcome may be related to virulence of fungal strains. The patient with isolate no. 20 had a favourable outcome but was less immunosuppressed than the other patients in the group. Some exceptions were found. One of 13 non-invasive isolates (no. 7) contained the 0.95-kb band although there were no features of invasive disease. Conversely, the 0.95-kb band was absent in strains that generated invasive disease in four cases (nos. 15, 16, 17 and 2 1). However, these patients responded to treatment, despite a poor prognosis as determined by either site of infection (brain: no. 15), or the degree of immunosuppression (severe aplasia: nos. 16, 17 and 21). It is possible that the favourable outcome was due to weaker virulence of the strains. Tang et a2.l' have studied isolates from patients and the environment with RAPD and their findings suggest that certain isolates are better adapted for growth in lung tissue. The amplification pattern of environmental strains showed a variable presence of the 0-95-kb band regardless of geographical origin.
These results suggest that the virulence of A . fumigatus is variable from strain to strain and related to a genetic polymorphism. The pathogenicity seems to depend on not only host immunity but also fungusrelated factors. It is not known whether all A . fumigatus strains from the environment have the same capacity to invade human tissues or whether the risk of developing invasive infection in immunosuppressed patients is higher with strains with a modified genome, possibly correlated to our molecular marker. Studies
